Abstract: The purpose of this study was to evaluate the validity and reliability of orthodontic measurements made on digital models created with Hirox digital microscope (HDM). The data sources were plaster dental models from the archives of School of Dental Sciences, Universiti Sains Malaysia. A total of 11 dental models with 396 variables were measured using the plaster dental casts, and Hirox digital models were created. The study inclusion and exclusion criteria were followed. Two investigators (A and B) carried out the measurements of the selected dental casts using a digital caliper (DC) and the HDM. Dental plaster models were scanned using the HDM for the fabrication of the Hirox digital models. The tooth size and arch width were measured by DC and HDM. The validity of the digital measurements for examiners A and B the ICC coefficients were statistically significant (p<0.001), and the values of coefficient were in the range of strong correlation. The ICC coefficient values for inter-examiner A and B were all in the range of strong correlation for both tooth size and arch width variables in which the reliability coefficient values were comparable between digital measurements using HDM and measurements using DC. All ICC coefficient values were statistically significant (p<0.001). The results show that linear measurements of dental casts using a digital microscope are valid and reliable.
Introduction
Productive treatment planning in dentistry needs detailed investigative evidence and a comprehensive diagnosis. In orthodontics, investigation by means of dental cast is an essential part of this process 1) . On the dental cast evaluation of the occlusion and various tooth size measurements can be analyzed more effortlessly and precisely than in the patient's mouth 2) . Dental models are regularly used in orthodontic treatment process for the observation of the maxillary and mandibular teeth relations 3) . Aimed at dental model scrutiny, plaster cast has been the standard for years. However, plaster models has the disadvantage of loss, breakage, ruin and necessitate corporeal packing space 4, 5) .
To restrain these drawbacks, digital dental models are a substitute with the privilege of ease of communication with patients and colleagues 6) . Digital dental casts can be virtually analyzed with the advantage of clear landmark at different magnifications and accurate cross-sectional images 7) . Assessment of dental models for the various measurements on digital and plaster models showed good agreements and validity 8) . There were significant to excellent promise among measurement of tooth dimensions and arch relationships between plaster and computer-generated models 6, 9) . It was determined that digital models offer a high degree of validity and measurement differences are likely to be clinically acceptable. To our information, no study has evaluated the validity and reliability of measurements on digital models acquired with a Hirox digital microscope (HDM) (HIROX KH7700, Japan).
Therefore, the purpose of this article is to evaluate the validity and reliability of orthodontic measurements made on digital models created with HDM.
Material and Methods
The data source was plaster dental model from the archives of the School of Dental Sciences, Universiti Sains Malaysia. This study is allowed by the Institution. Total eleven dental models with 396 variables were measured on plaster dental casts and Hirox digital models, were taken agreeing to the inclusion and exclusion criteria.
Inclusion criteria
High quality plaster and digital dental models with all permanent dentition in both upper and lower arch were included. The ethnicity (Malay) of the subject was determined from the record.
Exclusion criteria
Dental models with severe crowding, excessive spacing, periodontal disease, retained deciduous teeth, fixed orthodontic appliance, inter proximal caries or restoration, missing or supernumerary teeth, abnormal size or morphology of teeth, tooth wear to the extent of impairment of the contact point, damage or extorted casts and any distorted scanned digital model were excluded. Dental plaster models were scanned via HDM for the fabrication of the Hirox digital models (Fig 1) . The tooth size and arch width measured via digital caliper (DC) (Mitutoyo, Japan) and HDM were shown in Figs. 2 and 3 respectively. The following linear variables were measured via DC and HDM -
Tooth size
Mesio distal width of tooth was measured from anatomical contact of one tooth to another via occlusal side 10, 11) .
Arch width
Maxillary and mandibular arch width measurements were obtained for:
Inter canine widths for maxillary and mandibular arches
Distance attained from the cusp tip of one side to the opposing side cusp tip, 
Inter 1st premolar and 2nd premolar widths of maxillary and mandibular arches
Distance attained from buccal cusp tip to the buccal cusp tip of the contralateral side
Inter molar widths of maxillary and mandibular arches
Distance attained from mesio-bucal cusp tip of right side to the left side. Two investigators (A and B) carry out the measurement of the selected dental casts using DC and HDM. all in the range of strong correlation 12) for both tooth size and arch width variables in which the reliability coefficient values were comparable between digital measurements using HDM and measurements using DC (Tables 5, 6 , 7 and 8). All ICC coefficient values were statistically significant, p<0.001.
Statistical analysis

Discussion
To our knowledge, this is the first study that appraised the validity and reliability of linear dental measurements on conventional plaster models measured using DC and the digital models produced and measured with HDM. The plaster and hirox digital models measured by DC and HDM showed no differences in measurements of tooth size and arch width for each of the variable measured. The Hirox digital model measurements were similar to the measured values obtained by the DC, the manual measurements. Several studies have confirmed validity and reliability when measuring tooth widths with either plaster or digital models 6, [13] [14] [15] . We can magnify the Hirox digital model to mark out the desired point as the magnification of the virtual image is an excellent advantage compared with the plaster models, because anatomic details can be more accurately viewed [16] [17] [18] . Table 7 . Inter Eaminer Tooth Size Measurement using HDM.
*FDI notation; ICC coefficients (P-value <0.001) measurements from computer generated 3-dimensional pictures using a photostereometric procedure 3) . They observed statistically no significant difference between either types of measurement. Their results are consistent with the present study 3) . Based on the orthodontist's training, abilities, and preferences, measuring on a computer screen can be more or less accurate than the outmoded gauge-oncast method. Advance studies of treatment outcomes and growth changes as well as other research might acquire greater accuracy and reliability [19] [20] [21] . In terms of inter-examiner reliability, assessments on plaster and virtual models were all substantial. In our study we observed the substantial significant agreement both for tooth dimensions and arch relationships [22] [23] [24] .
In conclusion, linear measurements of dental casts using Hirox stereomicroscope are valid and reliable. Hirox digital models can be used for various clinical orthodontic procedures (tooth size analysis, arch length discrepancies, mixed dentition analysis study) and for research. 
